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® An aqueous coating composition and a process of coating a substrate 
composition. 

@ The invention provides an aqueous coating com- 
position curable at ambient temperature comprising 
a compound having at least 2a.^-ethylenicaily un* 
saturated carboxylate groups, e polyamino amide 
having an amine number of 60-1000. and a nitroal- 
kane, a formic acid ester or an organic compound 
occumng in at least 2 tautomeric forms, and in one 
of the tautomeric forms a labile hydrogen atom is 
linked to a carbon atom. A process of coating a 
substrate with such composition is also provided. 
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An aqueous coating composition and a process of coating a substrate with such coating composition 



The invention relates to an aqueous coating 
composition based on an organic compound and a 
curing agent for it Aqueous compositions have the 
important advantage that upon application no or 
upon use of a co-solvent only little organic solvent 
is released into the atmosphere. Moreover, the use 
of water leads to fewer physiological drawbaclcs 
and fire and explosion hazards. 

The coating composition according to the in- 
vention is characterized in that the organic com- 
pound is a compound having at least 2a, fi- 
ethylenically unsaturated carboxylate groups and 
the curing agent is a poiyamino amide having an 
amine number of 60-1000 built up from a mono- 
and/or dicarboxyiic add having 2-40 carbon atoms 
and a polyamine having 2-6 primary amino groups 
and 2-20 carbon atoms, and the coating composi- 
tion further comprises a nitroalkane having 1-6 car- 
bon atoms, an organic compound occuring in at 
least 2 tautomeric forms, and in one of the 
tautomeric forms a labile hydrogen atom is linked 
to a cartK)n atom and which compound contains at 
least one cartX)nyloxy group or sulphonyl group, 
and/or a formic acid ester having a solubility of at 
least 0J2 g in 100 g of water having a temperature 
of 20^C, with the exception of tertbutyl fomrtlate. 

it should be noted that European Patent Ap- 
plication No. 55477 discloses an aqueous composi- 
tion the binder of which is a copolymer built up 
from an ethylenic monomer and a mixture of ar- 
omatic compounds containing on average at least 
0,5 epoxy groups and on average of from 0.1 to 1 ,5 
(meth)acryloyl groups per molecule. The 
copolymer thus obtained contains acidic moieties 
providing water dispersibiiity when reacted with a 
basic compound such as an amine. The composi- 
tion may also cont^n a crosslinktng agent such as 
a poiyamino amide, said agent being a compound 
having functional groups capable of reacting with 
an epoxy group or hydroxy group derived from an 
epoxy group of the copolymer. So, it is clear that 
the crosslinking reaction occurs between an amino 
group of an poiyamino amide and the epoxy group 
or hydroxy group of the copolymer. In the crosslin- 
Idng reaction according to the present Invention, 
however, an amino group is added to the carbon 
atoms of the ethylenically unsaturated group of the 
a,/9-ethylenically unsaturated carboxylate group. 

As representative examples of compounds hav- 
ing at least 2a.^-ethylenicalty unsaturated cartx)x- 
ylate groups may be mentoned the (meth)acryiic 
esters of di-, tri-or polyvalent polyols, including 
polyester polyols and polyether polyols, alkyd res- 
ins and hydroxy functional (meth)acrylic or vinyl 
(co)polymer resins; adducts of a hydroxyl group- 



containing (meth)acrylic ester of a polyol on the 
one hand to an at least bifunctional isocyanate 
compour^ on the other; and adducts of (meth)- 
acryiic add to an at least bifunctional epoxy com- 
5 pound. For brevity, the compounds envisaged are 
referred to hereinafter as poly(meth)acryloyl com- 
pound. 

As examples of suitable (meth)acrylic esters of di-, 
tri-or polyvalent hydroxyl compounds may be men- 

10 tioned those of ethylene glycol, propylene glycol, 
diethylene glycol, tetramethylene diol, neopentyl 
glycol, hexamethylene diol, cyclohexane diol, bis- 
(4-hydroxycyclohexy) methane, glycerol, trimethylol 
ethane, trimethylol propane and pentaerythritol. 

IS These esters may optionally contain a hydroxyl 
group. Such polyols and other suitable hydroxyl 
compounds, such as polyester diols and polyols 
and polyether diols and polyols, alkyd resins and 
hydroxyl functional (meth)acrylic or vinyl (co)- 

20 polymer resins are described, amont other places, 
in I^ckkunstharze by H. Wagner and H.F. Sane, 5 

Ed.. 1971 (Cari Hanser Verlag, IWQnchen). 
The hydroxyl group-containing (meth)acrync esters 
on the i^asis of which the adduct to tiie at least 

25 bifunctional isocyanate compound or epoxy com- 
pound is formed are (meth)acrylic esters of polyols 
as also descrit)ed in the afore-going. It is preferred 
that use should be made of acrylic esters of 
hydroxyl compounds having 2-6 hydroxy! groups 

30 and 2-10 carbon atoms, such as acrylic esters of 
dimethylol cyclohexane, ethylene glycol, hexane 
diol, glycerol, trimethylol propane, pentaerythritol 
and dipentaerythritol. More particulariy. use is 
made of trimethylol propane diacrylate or pen- 

3S taerythritol triacrylate. 

As examples of at least btfuncfional isocyanate 
compounds which may be used yyr the above- 
envisaged adduct may t>e mentioned aliphatic, 
cycloaliphatic or aromatic di-. tri-or tetraisocyanates 

40 that may or may not be ethylenically unsaturated, 
such as 1.2-prapylene diisocyanate, trimethylene 
diisocyanate. tetramethylene diisocyanate. 2.4,4- 
trimethyl hexamethylene diisocyanate, 
dodecamethylene diisocyanate, 0,Ai'-dipropylether 

45 diisocyanate. 1,3-cyctopentane diisocyanate. 1,2- 
cydohexane diisocyanate, 1,4-cyclohexane 
diisocyanate. isophorone diisocyanate, 4-methyl- 
1 .3-diisocyanatocyclohexane, trans-vinylidene 
diisocyanate, dicyclohexyl ethane-4.4'-diisocyanate, 

50 3.3'-dimethyl-dicyclohexyl methane-4.4'- 
diisocyanate, a toluene diisocyanate.. 1.3-bis- 
(lsocyanatomethyl)benzene» a xylylene 
diisocyanate. t ,5-dimethyl-2.4-bis- 

. Osocyanatomethyl)benzene. l,5-dimethyl-2,4-bis(2- 
isocyanatoethyi)benzene, 1 A5-triethyl-2.4-bis- 
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(isocyanatomethyl) benzene. 4,4'-diisocyanato 
diphenyl. 3.3'-dichloro-4,4'-diisocyanatodiphenyl. 
3.3'-diphenyK4'-diisocyanatodiphenyt, 3.3'- 
dim©thoxy-4.4'-diisocyanatodiphenyl. 4.4'- 
diisocyanatodiphenyl methane, 3.3'-dimethyl-4.4'- 
dtisocyanatodiphenyl methane, a diisocyanatonaph- 
thatene, the adduct of 2 molecules of a 
diisocyanate. for example hexamethytene 
dilsocyanate or isophorone diisocyanate. and a die! 
such as ethylene glycol, the adduct of 3 molecules 
of hexamethylene dilsocyanate and 1 molecule of 
water (available under the trade mark Desmodur N 
of Bayer), the adduct of 1 molecule of trimethylol 
propane and 3 molecules of toluene dilsocyanate 
(available under the trade mark Desmodur L of 
Bayer),' the adduct of 1 molecule of trlmethytol 
propane and 3 molecules of isophorone 
dilsocyanate. compounds such as 1.3,5- 
triisocyanatobenzene and 2,4,6- 

triisocyanatotoluene. and the adduct of 1 molecule 
of pentaerythritot and 4 molecules of toluene 
dilsocyanate. It is prefen'ed that use should be 
made of an aliphab'c or cycloallphatk: di-or 
triisocyanate containing 8-36 carbon atoms. 
As examples of the at least bifunctional solid or 
liquid epoxy compounds that may t>e used for the 
above-envisaged adduct may be mentioned the di- 
or polyglycidyf ethers of (cyckhallphatic or ar- 
omatic hydroxyl compounds such as ethylene gly- 
col, glycerol, cydohexane diol. mononuclear di-or 
polyvalent phenols, bisphenols. such as Bisphenol- 
A and Bisphenol-F. and polynuclear phenols; poly- 
glycidyl ethers of phenol formaldehyde novolak; 
epoxidtzed and optionally, subsequently, hydroge- 
nated styrene or dhdnyl benzene; glyddyl esters of 
fatty adds containing, for instance. 6-24 carbon 
atoms; glycidyl (meth)acrylate; an epoxy com- 
pound having an isocyanurate group; an epoxidized 
polyalkadiene such as epoxidized polybutadiene; 
hydantdn-epoxy resins; epoxy resins obtained by 
epoxidizing aliphatic and/or cycloaliphatic alkenes, 
such as dipentane dioxide, dicyclopentadiene diox- 
ide and vinyl cydohexene dioxide and glyddyl 
groups-containing resins such as polyesters or 
polyurethanes containing one or more glyddyl 
groups per molecule, or mixtures of the above- 
envisaged epoxy resins. The epoxy resins are 
known to a man skilled in the art and need not be 
further descrfbe6 here. It Is preferred tiiat use 
should be made of a polymer of ethylenically un- 
saturated compounds containing epoxy groups, 
such as glyddyl(meth)acrylate. N-glyddyl (meth)- 
acrylamide and/or allyl glyddyl ether, and option- 
ally one or more other copolymerizable. 
ethytenicaily unsatur^ed monomers. These (coh 
potymers may be prepared by usual polymerization 
techniques, use being made of initiators such as 
UV light azo compounds such as 



azobisisobutyronitrile, azobisisovaleronrtrile. ar- 
omatic peroxides such as benzoyl peroxide, tertiary 
butyl perbenzoate and (cycle) aliphatic peroxides 
such as cumene hydroperoxide. The copolymers 
5 may be stabifized with inhibitors such as 
hydroquinone, the methyl ether of hydroqulnone 
and benzoquinone. 

Examples of other compounds having at least two 
a.^-ethylenically unsaturated groups indude un- 

10 saturated polyester resins based on maleic add or 
fumaric add or a derivative thereof. Such resins 
are usually prepared by bringing fumaric add or 
maleic acid, alkyi esters of these adds or. maleic 
anhydride, in combination or not with a saturated 

IS polycartkoxyltc acid, such as phthaiic ackj, isoph: 
thaiic add or adipic add. into reaction with dl-or 
polyvalent polyols. such as ethane diol. propane 
diol, neopentyl glycol, glycerol, trimethylol propane 
and pentaerythritil or epoxy groups-containing 

20 compounds, for instance the dtglycidyl ether of 
Bisphenol-A. Such resins are descrit>ed in. e.g.. 
'Polyesters and their Applications", Bjorksten Re- 
search Laboratories Inc., Reinhoid Publishing 
Corp.. New York. pp. 21-27. Other suitable com- 

25 pounds are those where in the above-envisaged 
(meth)acryk)yl compounds the (meth)acrylic acid is 
entirely or in part replaced with some other a.iS- 
ethyienlcally unsaturated monocarlMxyiic adds, 
such as dnnamic add. The pdy(meth)acryloyl 

30 compourtd generally has a molecular weight of 
about 290-15 000. preferably 800-10 000. 

The pdyamino amide which according to the 
invention may be used as second component of 
the composition is obtained by reacting a mono- 

35 and/or dlcart)0xyl1c add having 2-40 cartMn atonns 
and a polyamine having 2-6 primary amino groups 
and 2-20 carbon atoms. 

Examples of suitable morx)cartx)xylic acids, which 
preferably contain 1-24 cart)on atoms, indude ace- 

40 tic add, propionic add, valeric add. capronic add, 
trimethyl acetic add, capryfic acid, pelargonic add, 
isooctanoic add. lauric add, myristic add, palmitic 
add, stearic add, t)ehenic add or cerotic acid; 
aliphatic monocariMxylic adds having one or more 

45 conjugated or non-conjugated double C-C t)onds. 
which generally contain 5-24 cartxm atoms, such 
as linseed oil fatty add, safftower oil fatty acid. 
soyt>eam oil fatty add, tall dl fatty add, wood oil 
fatty add, sunflower oil fatty add. castor dl fatty 

50 add, oitidca oil fatty add. dehydrated castor oil 
fatty add. linoleic acid, linolentc acid, oleic acid, 
sorbic add, elaidic add, a-eleostearic add. ^- 
eleostearic acid, ridnolic add. erucic add, isanic 
add or isanolic add; cycloaliphatic monocarix)xyltc 

66 adds such as cydopentane monocarboxyiic acid, 
cyctopentane proptonic add and cydohexane mon- 
ocarboxyiic acid; and aromatic monocarboxyiic ac- 
ids such as benzoic add and pitert butyl benzoic 
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acid. 

As examples of suitable dicarboxylic acids, which 
preferably contain 8-36 carbon atoms, may be 
mentioned aliphatic dicarboxyftc acids such as ox- 
alic acid, matonic acid, succinic acid, glutaric add, 
adipic acid, azelaic acid, 2,2.4-trimethyl adipic add, 
sebadc add, dimeric fatty acids generally contain* 
ing 36 carbon atoms; cycloafiphatic dicarboxylic 
adds such as hexahydrophthalic add. hex- 
ahydroterephthalic acid, tetrahydrophthalic add. 
endomethylene tetrahydrophthatic add or 
methylcyciohexane*1.2*dicarboxylic acid; and ar- 
omatic dicarboxylic acids such as orthophthaiic 
add. isophthalic add or terephthalic add. Also suit- 
able are. of course, mixtures of the above-envis- 
aged mono-and/or divalent carboxylic acids. In ad- 
dition to the above-mentioned carboxylic adds oth- 
er carboxylic acids may be used, such as trimellitic 
add. and trimerised fatty adds, which adds may 
be employed in a relatively small amount of not 
higher than, for instance 30% by weight preferably 
less than 10% by weight calculated on the total 
amount of carboxylic acid. 
The carboxylic acids may. If desired contain inert 
substituents. for instance: halogen, nitro, aceto. or 
alicyl ether groups. If desired, the above-envisaged 
adds also may be used as anhydride or add 
halide. or in the form of an ester, for instance an 
ester derived from an alcohol having 1 to 6 cart)on 
atoms. 

Polyamines from which according to the invention 
the polyamino amide is partly built up are 
polyamines having 2-6 primary and 0-6 secondary 
amino groups, preferably 2-3 primary and 0-4 sec- 
ondary amino groups. Examples of suitable 
polyamines are d-amlno-1(m0thylamino)propane, 3- 
amino-1 -(cyclohexytamino)propane. N*(2-hydrox- 
yethyOethylene diamine. more particularly 
polyamines of the formula 
H2N-(R2-NH)„-Ri-NH2. 

wherein the group Ri and the n groups R2 may be 
the same or different and represent an alkylene 
group having 2-6 carlion atoms and preferably 2-4 
carbon atoms and n is a number from 1-6, prefer- 
ably 1-3. By an alicylene group is also to be under- 
stood here a cycloalkylene group or an alkylene 
group having an ether-oxygen atom. Representa- 
tive polyallcylene polyamines includa diethylene 
triamine, dipropylene triamine, dibutylene triamine, 
dihexylene triamine, triethylene tetramine. 
tetraethylene pentamine. tetrapropylene pentamine, 
pentaethylene hexamine or polyamino compounds 
having different alkylene groups in a molecule, for 
instance: 

H2N(CH?)2NH(CH2j3NH2. H2N(CH^NH(CH^NH{CH2h 
NH2 and H2N(CH^H(CH2)2NH(CH2)2NH(CH2)3NH2. 
or 

mixtures of the above-envisaged compounds. The 



two last-mentioned compounds may be prepared 
for instance by addition of ethylene diamine or 
diethylene triamine to acrylonitrile. followed by hy- 
drogenation of the product thus prepared. 

5 Preferred polyamines from which according to the 
invention the polyamino amide is also partly built 
up are aliphatic, cydoaliphatic or aromatic amino 
compounds having 2 or 3 exclusively primary ami- 
no groups. Examples of such polyamines include 

10 ethylene diamine, propylene diamine, butylene dia- 
mine, pentamethylene diamine, hexamethylene dia- 
mine, decamethylene diamine. 4.7-dioxadecane- 
1,10-diamine. dodecamethylene diamine. 4.9- 
dloxadodecane-1 .12-diamine. 7-methyK.10* 

75 dioxatridecane-1.13-diamine, 1,2-diamino cyclohex- 
ane, 1.4-diamino cyclohexane, 4.4'-diamino 
dicyclohexyl methane, bis(3-methyl-4-amino 
cyclohexyl)methane, 2.2*bis-(4-amino cyclohexyl)- 
propane. 0-methyM-amino cydohexyl)-(3-methyl- 

20 4-amino phenyl)methane. 4,4-diamfno diphenyl 
•methane, diamine diphenyl sulphone. bis(3-methyl- 
4-aminophenyl)methane and bis-(3-amiru> propyl)- 
methylamine. 

The polyamino amide may be prepared in any 

2S well-kiiown or convenient manner from the mono* 
and/or dicarboxylic add and one or more 
polyamines. for instance by reacting the reaction 
components witii each other at a temperature gen- 
erally of 100<'-220**C, preferably 115«-190''C. Usu- 

30 ally, no solvent is applied, but is self-evident that 
one or more solvents, for instance methanol, may 
optionally be employed. In the reaction mbcture the 
carboxyfic add is usually present In an amount 
such that according to the invention a polyamino 

35 amide having an amine number of 60-1000, prefer- 
ably of 80-750 and more particularly of 200-600 is 
obtained. 

These polyamino amides also may be applied as 
adduct to a compound having one or more epoxy 

40 groups. To prolong ttie pot life the polyamino 
amides may optionally be applied in the form of 
the ketimine or aldimine of the polyamino amide 
witii ketones such as mettiylettiyl ketone, dietiiyl 
ketone, metiiytisobutyl ketone or methylamyl ke- 

4S tone, or aldehydes, such as formaktehyde. acetal- 
dehyde or tsobutyraldehyde. 

In addition to the polyamino amide still other 
amino compounds may be present. As examples of 
such amino compounds, which are preferably used 

so in aldiminated or ketiminated form may be men- 
tioned aliphatic or cydoaliphatic amines having at 
least one, preferably 2 to 4. primary amino groups 
and 2-24 carbon atoms and a molecular weight not 
higher than 580. It Is preferred that these amines 

55 should have 0-6 secondary amino groups. Exam- 
ples of suitable amino compounds include ethylene 
diamine, propylene diamine, ethanolamine. pro- 
panolamine. butylene diamine, pentamethylene dla- 
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mine, hexamethylene diamine, decamethytene dia- 
mine. 4,6-dioxadecane-1 .1 0-diamine, 

dodecamethylene diamine, 4,9-dioxadodecane- 
1 ,1 2-^iamine.7-methyl-4.1 0-dioxatridecane-l ,1 3- 
diamine. 1 .2-diaminocyclohexane. 1,4^ia* 
minocyctohexane, 4.4'-diaminodi'cyclohexyl meth- 
ane, isophorone diamine, bis-{3-methyM- 
aminocyclohexyl)methane. 2,2-bis-(4- 
am{nocyclohexyl)propane, nitrite tris(ethane amine), 
poiyether polyamines. for instance those that are 
icnown under the trade mark Jeffamine of Jefferson 
Chemical Company. t>is-(3-aminopropyi) 
methylamine. 3-amino*1-(methylamino)propane. 3- 
amino-1 -(cyclohexylamino)propane, N-(2-hydrox- 
yethyl)ethylene diamine and polyamines of the for- 
mula H2N-(R2-NH)„-Ri-NH& wherein the group Ri 
and the n groups R? may be the same or different 
and represent an ^Icytene group containing 2-6. 
and preferably 2-4 cartoon atoms and n is a num- 
t>er from 1-6 and preferably 1*3. By an alley lene 
group is also to be understood here a cycloal- 
kylene group or an alkylene group containing an 
ether-oxygen atom. Examples of representative 
polyalkylene polyamines include diethyiene 
triamine. dipropyiene triamine and dibutylene 
triamine. Other suitable amino compounds are ad- 
ducts of a polyamine or a hydroxylamine to a 
monoepoxy compound, a monoisocyanate or a 
monofunctional a.^-ethylenically unsaturated car- 
bonyl compound. 

Other suitable amino compounds which may 
optionally be used are adducts of a di-or polyvalent 
ep03cy or isocyanate compound or a,^-ethyienically 
unsaturated carbonyl compound and an amino 
compound containing at least 1 primary amino 
group and a group reacting with the di-or polyva- 
lent compound. The polyfunctional compounds re- 
ferred to here may be identical with those men- 
tioned hereinbefore as starting compounds for the 
poly(meth)acryloyl compound. But there is of 
course no need for the same polyfunctional com- 
pound to be used as starting compound for tXTth 
the poly(meth}acryloyl compound and the amino 
compound. As to those polyfunctional compounds, 
reference is made to the foregoing. The a,^- 
ethylenically unsaturated compound to be used 
with the amino compound in the formation of the 
adduct is preferably a poly(meth)aciyloyl com- 
pound mentioned hereinbefore; aitematively. use 
may be made of a compound having one or more 
o,/9-ethylenicafly unsaturated dicarboxylic acid 
units, such as maleic acid or fumaric acid or an 
ester thereof. 

The amino compounds that are used in the forma- 
tion of the adduct thereof to the polyfunctional 
epoxy compound or Isocyanate comFX)und oro,^- 
ethylentcaliy unsaturated cartx)nyl compound may 
preferably t>e the afore-mentioned amino com- 



pounds containing 2-24 cart>on atoms or. option- 
ally, monoamines, preferably primary monoamines 
which have a group, for instance a hydroxy! group 
or mercaptan group, reacting with an epdxy com- 

5 pound or isocyanate compound or ana,^- 
ethylenicalty unsaturated cart)onyl compound. 
It is preferred that use should be made of a mixture 
of a polyamino amide and an amino compound in 
which the amount of the polyamino amide is at 

10 least 3, and preferably at least 5 equivalent %. The 
polyamino amide is preferably used in the non- 
blocked form and the amino compound in the 
blocked form. 

For use in the coating composition according 

IS to the invention the amino groups of the afore 
described amino compounds may be blocked with 
an aldehyde or ketone containing not more than 10 
carbon atoms, preferably 3-8 cart>on atoms. Exam- 
ples of suitable blocking agents for the amino 

20 groups include acetone, methylethyl ketone, diethyl 
ketone, methyllsopropyl ketone, methylisobutyl ke- 
tone, isobutyrakiehyde, cydohexanone. ethylamyl 
ketone, diisobutyl ketone. S-octanone and de- 
canone. It is preferred that use should be made of 

25 an aliphatic or cycloaliphatic ketone, more particu- 
larly containing 3-8 cartwn atoms. 

An effective method of preparing the at)ove- 
envisaged blocked amino compound is. for exanr>- 
ple. the addition reaction of the epoxy or 

30 isocyanate compound or the a.i9-ethylenically ur>- 
saturated carbonyl compound referred to herein- 
before and an amino-, hydroxyl-or mercaptan-funo- 
tional ketimine or aklimine. Optionally, the amino 
group(s) may be blocked after the addition reac- 

35 tion. The bk>cking of amino groups is known per se 
and need not be further described here. 

In the coating composition according to the 
invention the poly(meth)acryloyl compound, ttie 
polyamino amide and possibly the amino com- 

40 pound are usually present in amounts such that the 
ratk) of the number of equivalents of ethylenically 
unsaturated double bonds to the numtwr of equiv- 
alents of amine hydrogen is in the range of 0^3 to 
3.0, preferably of to 2. 

45 According to the invantion the aqueous com- 
position also contains a nltroalkane. a formic acid 
ester and/or a certain organic compound occurring 
in at least 2 tautomeric forms, and in one of the 
tautomeric forms a labile hydrogen atom is linked 

50 to a carbon atom. For t)revity, these last-mentioned 
compounds are hereinafter referred to as Ci-I acid. 
It has surprisingly been found that the compounds 
referred to hereinbefore exert an emulsifying action 
on the present binder system corrtaining a 

55* polyamino amide, providing an excellent disper- 
sibillty of the binder system in water. Examples of 
CH acids include 2.4-pentanedione, l.l.l-trifluoro- 
2.4 pentanedione. phenylsulphonylpropanone-2, 3- 
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methyk2,4-pentanedione. and esters, for instance 
those of a (cyclo)aliphatlc or aromatic hydroxyl 
compound having 1-10 carbon atoms, such as 
methanol, ethanol. butano^. hexanol, cyclohexanoi, 
phenol, ethylene glycol, glycerol, trimethylol ethane 
and trimethylol propane, and a carboxylic acid, 
such as nitroacetic acid, cyanoacetic add. 
trifluoroacetic add. acetyl acetic add or matonic 
acid. Examples of- suitable esters indude ethyl 
nitroacetate. cyclohexyl nitroacetate, benzyl 
cyanoacetatei ethyl trifluoroacetoacetate. methyl 
acetoacetate. ethyl acetoacetate. phenyl ac* 
etoacetate and diethyl malonate. It is preferred that 
use should be made of 2.4-pentanedione. methyl 
acetoacetate or ethyl acetoacetate or methyl 
cyanoacetate. The CH add generally has a pka of 
3-12. preferably 4-11 and more particularly of 6i-9. 
It is preferred that the formic add ester should be 
an ester of formic add and a monovalent alcohol 
having 1-6. more particularly 1-5 carbon atoms. 
Examples of suitable alcohols indude methanol, 
ethanol, n-propanol. isopropanol. n-butanol, 
isobutanol. n-pentanol. isopentanol and ether al- 
cohols such as 2-ethoxyethanol. 2-propoxyethanol 
and 2-butoxyethanol. More particularly, the ester is 
a formic add ester of the general formula 

HC OCHR1R2 
o 

wherein Ri and B2 may be the same or different 
and represent a hydrogen atom or an alkyi group, 
the groups Ri and R2 together containing not more 
than 5 carbon atoms. A spedally prefen^ ester is 
methyl formiate. ethyl formlate. or isopropyl for- 
miate. Other suitable esters are the esters of formic 
add and a bi-or polyvalent hydroxy compound 
having 2-8 carbon atoms. As examples of suitable 
hydroxy compounds may be mentioned ethylene 
glycol, propylene glycol, glycerol, trimethylol pro- 
pane and pentaerythritol. Optionally, the formic 
add ester may contain one or more hydroxyl 
groups. It is prefenred that the formic add ester 
should have a solubility of 02-50 g. more particu- 
larly^ 0,5-35 g in 100 g of water having a tempera- 
ture of 20"C. 

The CH acid is usually employed in an amount 
such that per N atom of the amino group-contain- 
ing curing agent 0^2 labile M au>ms of the CH 
acid are present. 

Suitable nitroalkanes have 1 to 6. and preferably 1- 
4 cart)on atoms and contain one or two nitro 
groups. As examples may be mentioned 
nitrometiiane, nitroethane, 1-and 2-nitropropane, 1- 
and 2-nitrobutane and 1.3-dinltropropane. It is pre- 
ferred that nitroethane or nitropropane should be 



applied. The formic add ester is generally present 
In an amount such that 0,3*2 equivalents of for- 
miate are present per equivalent of nitrogen of the 
amino group-containing curing agent 

5 The aqueous coating compositions may be 
formed from the (meth)acryloyl groups-containing 
compound, the polyamino amide and the nitroal- 
kane, formic acid ester and/or OH acid in any 
convenient manner. It is preferred that the (meth)- 

10 acryloyl groups-containing compound should be 
dissolved in an appropriate organic solvent and 
sut3sequentiy mixed with a solution of the 
polyamino amide in an appropriate organic solvent 
In actual practice the nitroalkane. formic add ester 

IS and/or the CH acid is either added to the solution 
of tine (meth)acryloyl groups-containing compound 
or to the common solution of the (meth)acryloyl 
groups-containing compound and the polyamino 
amide. 

20 To otitain the desired application viscosity wa- 
ter is added to the final solution. The aqueous 
composition may contain the usual additives, such 
as pigments, fillers, levelling agents, foam sup- 
pressing agents, rheology control agents, corrosion 

25 inhibitors and inert organic solvents, such as an 
aliphatic or aromatic hydrocarbon, and compounds 
such as butyl glycol. Optionally, pigment may pre- 
viously be mixed with a solution of the binder or a 
component thereof in an organic solvent 

30 The coating composition ready for use gen- 
erally contains water in an amount of at least 15% 
t>y weight, preferably at least 25% by weight and 
generally not more than 80% by weight 

The coating composition may be applied to the 

35 substrate in any suitable manner, such as by roller 
coating, spraying, brushing, sprinkling, flow coating 
or dipping. It is prefenred that the composition 
should be applied by (electrostatic) spraying. The 
invention also pertains to a process of coating a 

40 substrate using the aqueous compositions referred 
to hereinbefore. 

The substrate may be of, for instance, a metal 
such as aluminum, magnesium, steel, iron, 
titanium: of a synthetic material such as a fibre- 

45 reinforced epoxy resin, pdiyether-ether ketone, 
polyimide or polyester: or concrete or asbestos 
cement The substrate may or may not have been 
pre-treated. The coating is generally cured at arrv- 
blent or elevated temperature, for instance up to 

50 not higher than 80*C. The coating thickness (after 
curing) is generally in the range of 10-200 am. The 
coating composition according to the invention is 
harmless to the environment and hard curing, and 
after curing it is excellentiy resistant to organic 

55 solvents such as petrol, and to water. The com- 
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position can be excellently used as primer or top 
coat In the automobile and car repair industry, as 
decorative coat on concrete and as at>rasion resis- 
tant coat on wood or concrete. 

The invention will be further described in the 
following examples, which are not to be construed 
as limiting the scope of the present invention. The 
term "parts* used therein refers to *parts by 
weight" and to "per cent by weight". The 
coating thickness of the compositions was deter- 
mined after the composition had been cured. The 
resistance of the coating to water and premium 
grade petrol was determined after 1 week's drying 
by placing on a panel a wad of cotton wool soaked 
with.water for 2 hours or with premium grade petrol 
for 2 minutes, after which the appearance was 
visually assessed for hazing and decrease In hard- 
ness by scratching with a pencil of a 2B hardness. 
When no hazing or decrease in hardness Is found, 
the result is rated "excellent*. The result is rated 
"very good", when no decrease in hardness, but 
only slight hazing is observed, and the result is 
rated "good", wtven besides slight hazing a slight 
reduction in hardness is established which, how- 
ever, will have disappeared after drying of the 
coating. 



Preparation of (meth)acrvlovl compounds A-E 

(Methlacrvloyf compound A 

Into a reactor were charged 350 g of xylene, 
which were heated to boiling temperature. Sut>se- 
quently, 280,0 g of glycidyt methacrylate, 387,1 g 
of styrene. 32,9 g of butyl acrylate and 30,8 g of 
tertbutyl |)ert)enzoate were added over a period of 
3 hours. The reaction mixture was kept at boiling 
temperature until a conversion of more than 98% 
had been attained. Then 39 g of xylene were 
added. To the copolymer thus prepared were ad- 
ded 129,1 g of acrylic acid. 1.2 g of hydroquinone 
and 0.45 g of triphenyl phosphine. The resulting 
reaction mixture was heated to a temperature of 
HO'C, with air being passed through. The tem- 
perature was kept at 110*^0 until the acid number 
of the mixture had decreased to below 2. Next. 272 
g of xylene and 73 g of n-butanol were added. A 
53,0%-solutton of the (meth)acryloyl compound A 
was obtained having an acid number of 0,9 and a 
viscosity of 176 cPas. 



(Meth)acryloyl compound B 

Into a reactor were charged 1100 g of a hy- 
drocartxm mixture (available under the trade mark 

5 of Solvesso 100 of Esso) and 1100 g of white spirit 
having a boiling point of 110*-165*C and heated to 
boiling temperatuire. Over a period of 3 hours there 
were subsequently added a mixture of 1100 g of 
glyddyl methacrylate, 1067.9 g of styrene. 1067.9 

TO g of methyl methacrylate and 1164.6 g of lauryl 
methacrylate and a mixture of 660 g of xylene and 
304,0 g of tert.butyl perbenzoate. Subsequently. 44 
g of xylene were added and the reaction mixture 
was kept at boiling temperature until a conversion 

15 of over 98% was reached. 

To the copolymer prepared were added 485,0 g of 
acrylic acid, 8,1 g of hydroquinone and 1,6 g of 
chromium (llt)-2-ethyl hexanoate and the resulting 
mixture was heated to a temperature of 110*C» 

20 with air being passed through. The temperature 
was kept at 110'C until an add number of less 
than 2 was reached. Subsequently, 1000 g of butyl 
acetate were added and a 55,9%-solution of ttie 
(meth)acrytoyl compound B was obtained having 

25 an add number of 2 and a viscosity of 66,5 cPas. 



(Metfi)acryloyl compound C 

30 Into a reactor were successively charged 500,0 
g of pentaerithritol triacrylate. 165.4 g of 
isophorone dlisocyanate, 222 g of toluene. 0.41 g 
of hydroquinone and a few drops of dibutyitin 
dilaurate and heated to a temperature of 60" C. with 

35 air being passed through the mixture. The reaction 
mixture was kept at BO'^C until the isocyanate con- 
tent was less than 0.1%. Otitained was a 75%- 
solution of the (meth)acryk>yl compound C having 
an add number of 0.2 and a viscosity of 548 cPas. 

40 

(Meth)acrytoyl compound D 

Into a reactor were successively charged AZTS 
45 g of bisglyddyl ether of Bisphenol A(avaliat)le un- 
der the trade mark Epikote 828 of Shell Chemical). 
2,0 g of chromium (lll)-2-ethyl hexanoate and 2,4 g 
of hydroquinone. To the resulting mixture were 
added 158 g of a mixture of 1526 g of acrylic add. 
50 5.6 g of chromium (IIO*2-ethyi hexanoate and 3,0 g 
of hydroquinone and the mixture thus obtained was 
heated to a temperature of IIO'C, with air being 
passed through. After a temperature of 110"C had 
been attained, the rennainder of the mixtura was 
55 added over a period of 4,5 hours. The reaction 
mixture was kept at 110'C until the add number 



7 




was below 5. Subsequently. 400 g of the diacrylic 
ester of Bisphenol A were added. Obtained was a 
(meth)acryloyl compound D having an add number 
of 0,1 and a viscosity of 10000 cPas. 



(Meth)acfylovl compound E 

Into a reactor were charged 363 g of butyl 
acetate. 1650,0 g of isocyanate trimer of hex- ro 
amethylene diisocyanate (available under the trade 
mark Desmodur N 3390 of Bayer). 2,1 g of 
hydroquinone and a few drops of dibutyltin 
dilaurate and heated to a temperature of 60'C, with 
air being passed through. Subsequently, over a 75 
period of 1 hour 637,6 g of hydroxybutyl acrylate 
were added, followed by 2.1 g of hydroquinone. 
After an isocyanate content of 4,7% was obtained, 
667.0 g of an 8O%-polyest0r solution in a mi}cture 
of equal parts by weight of xylene and butyl ace- 20 
tate were added. The polyester had been prepared 
from 37353 g of neopentyl glycol, 1770.4 g of 
phthalic anhydride and 993,8 g of tsophthalic add. 
The polyester had an add number of 2,7 and a 
hydroxyl number of 254. The reaction mixture was 25 
kept at 60"C until an Isocyanate content of less 
than 0,1% was oinained. Sut)sequentiyi 291 g.of 
butyl acetate and 820 g of xylene were added. Of 
the (meth)acryloyl compound E a 60,4% solution 
was obtained having a viscosity of 275 cPas. so 



Blocked polyamrno amides A-C 

As blocked polyamino amide A is used in the 3s 
&camples the polyketimine built up from 
methylisobutyl ketone and a polyamino amide hav- 
ing an amine number of 345-370 (available under 
the trade mark Versamtd 125 of Schering). The 
polyketimine had an equivalent weight of 325,5. 40 
calculated on solid constituents. 

As blocked polyamino amide B is used the 
polyketimine built up from methylisobutyl ketone 
and a polyamino amide having an amine number of 
80-110 (available under the trade mark Euredur 45 
424 of Schering). The polyketimine has an equiv- 
alent weight of 1269, calculated on solid constitu- 
ents* 

As blocked polyamino amide C is used the 
polyketimine built up from hexanone and a so 
polyamino amide having an amine number of 170 
(available under the trade mark Epilink 175 of Akzo 
Chemie). The polyketimine has a viscosity of 70 
cPas. 
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Blocked amino compounds D and E 

As blocked amino compound D is used the 
polyketimine built up from methyfisobutyl ketone 
and 3.3'-dimethyl-4,4-diamino-dicyclohexyl meth- 
ane. The polyketimine has an equivalent weight of. 
213. calculated on solid constituents. 



Preparation of blocked amino compound E 

Into a reactor there were successively charged 
under an atmosphere of nitrogen 196,5 g of 
dipropylene triamine. 330 g of methylisobutyl ke- 
tone, 132 g of toluene and 2,0 g of formic acid, 
followed by heating to boiling temperature, the 
reaction water evolved being removed by 
azeotropic distillation. After 20 hours 53.9 g of 
water (obtained in 99.8% of the theoretical yiekl) 
were collected. The resulting solution was cooled 
to OO'^C. after which a solution in 447 g of toluene 
of 297.7 g of a diglyddylether of Bisphenol A 
(available under the trade mark Epikote 828 of 
Shell Chemical) was added over a period of 2 
hours. This reaction mixture was kept at a tempera- 
ture of SQ'O for 4 hours. The resulting solution of 
the blocked amino compound E was cooled, after 
which it was stored without being purified. 



Bcamples 1-17 
Example 1 

A coating composition was prepared by suc- 
cessively mixing 53,96 g of (meth)acryloyl com- 
pound A, 6.48 g of a polyamino amide having an 
amine number of 80-110 (available under the trade 
mark Euredur 424 of Schering), 5,40 g of blocked 
amino compound D and 7,19 g of acetyl acetone. 
To this mixture were added, with stirring, 27,0 g of 
water. The resulting composition had a solids con- 
tent of 39,4%, an inversion point at a water content 
of 25% and a gel time of 55 minutes. The com- 
position was applied to a steel panel in a coating 
thickness of 80 um and dried at an ambient tem- 
perature of 20^0 and a relative humidity of 70%. 
The coating applied was dust dry after 1 hour and 
handleable after 2i hours. The Persoz hardness 
was 86 seconds after 1 day and 216 seconds after 
1 week. The coating was very well resistant to 
water and excellently resistant to premium grade 
petrol. 
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Example 2 

A coating composition was prepared by suc- 
cessively mixing 43.35 g of (meth)acryloyl com- 
pound A, 20.52 g of blocked amino compound C 
and 4.34 g of nitro ethane. Tq this mixture ware 
added, with stirring. 313 g of water. The resulting 
composition had a soHds content of 39.1%, an 
inversion point at a water content of 28.9% and a 
gel time of 8 minutes. The composition was ap- 
plied to a stael panel in a thickness of 68um and 
dried at an ambient temperature of 20^0 and a 
relatively humidity of 70%. The coating applied 
was dust dry after i hour and handleable after 1 
hour. The Persoz hardness was 87 seconds after 1 
day and 119 seconds after 1 week. The coating 
was very well resistant to water and excellentiy 
resistant to premium grade petrol. 



Example 3 

A coating composition was prepared by suc- 
cessively mixing 42.02 g of (meth)acryk>yl com- 
pound B. 21,57 g of polyamino amide having an 
amine number of 80-110 (available under the trade 
mark Eurodur 424 of Schering) and 5.60 g of 
mettiyl cyanoacetate. Sut»sequentiy. 30.8 g of wa- 
ter were added, witti stirring. The resulting com- 
position had a solids content of 36,6%. an inversion 
point at 22,4% water content and a gel time of 15 
minutes. The composition was applied to a steel 
panel in a coating thickness of 93 um and dried at 
an ambient temperature of 20'C and a relative 
humidity of 70%. The coating applied was dust dry 
after hours and handleable after 1^ hours. The 
Persoz hardness was 70 seconds after 1 day and 
97 seconds after 1 week. The coating was well 
resistant to water and to premium grade petrol. 



Example 4 

A coating composition was prepared by suc- 
cessively mixing 53,57 g of (meth)acryloyl com- 
pound B, 20.71 g of a polyamino amide ha>nng an 
amine number of 80-110 (available under ttie trade 
marie Eurodur 424 of Schering) and 3.57 g of 
nitroethane . Subsequently. 32.2 g of water were 
added, with stirring. The resulting composition had 
a solids content of 38.3%. an inversion point at 
21.4% water content and a gel time of 35 minutes. 
The composition was applied to a steel panel in a 
coating thickness of 75 um and dried at an am- 
bient temperature of 20*C and a relative humidity 
of 70%. The coating applied was dust dry after i 
hour and handleable after 2 hours. The Persoz 



hardness was 33 seconds after 1 day and 96 
seconds after 1 week. The coating was very well 
resistant to water and well resistant to premium 
grade petrol. 

5 

Example 5 

A coating composition was prepared by sue- 
to cessively mixing 44,51 g of (meth)acryloyl com- 
pound B. 6.23 g of a polyamino amide having an 
amine number of 80-110 (available under the trade 
mark Eurodur 424 of Schering), 10,09 g of blocked 
polyamino amide, 1.78 g of acetyl acetone and 
75 1 .78 g methyl cyanoacetate. 

Subsequently. 35.6 g of water were added, with 
stirring. The resulting composition had a solids 
content of 37.8%. an inversion point at 26,7% 
water content and a gel time of 40 minutes. The 
20 composition was applied to a steel panel in a 
coating tfiickness of 68 am and dried at an am- 
bient temperature of 20^C and a relative humidity 
of 70%. The coating applied was dust dry after i 
hour and handleable after 2 hours. The Persoz 
25 hardness was 76 seconds after 1 day and 82 
seconds after 1 week. The coating was very well 
resistant t6 water and to premium grade petrol. 



30 Example 6 

A coating composition was prepared by suc- 
cessively mixing 51.90 g of (meth)acryloyl com- 
pound B, 13,80 g of a polyamino amide having an 

35 amine number of 80-1 10 (available under the trade 
marie Eurodur 424 of Schering) 2.50 g of 3.3*- 
dimetiiyl-4-4'-diaminodlcyclohexyl mettiane and 
5.80 g of nitroethane. Subsequentiy. 26,1 g of 
water were added, with stim'ng. The resulting com- 

40 position had a solids oonterrt of 42.1 %, an inversion 
point at 24.3% water content and a gel time of 15 
minutes. The composltiori was applied to a steel 
panel In a coating thickness of 69 um an6 dried at 
an ambient temperature of 20''C and a relative 

45 humidity of 70%. The coating applied was dust dry 
after ^4 hours and handleable after VA hours. The 
Persoz hardness was 68 seconds after 1 day and 
143 secorids after 1 week. The coating was very 
well resistant to water and to premium grade petrol. 

60 

Example 7 

A coating composition was prepared by suc- 
55 cessively mixing 46.15 g of (meth)acryk>yl com- 
pound C. 9.23 g of a polyamino amide having an 
amine number of 370-410 (available under the 
trade mark Versamid 140 of Schering) and 4,61 g 
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of nitroethane. Subsequently. 40.0 g of water were 
added, with stirring. The resulting composition had 
a solids content of 41^%, an inversion point at 
30.8% water content and a gel time of 5 minutes. 
The composition was applied to a steel panel in a 
coating thickness of 71 urn and dried at an am- 
bient temperature of 20*^0 and a relative humidity 
of 70%. the coating applied was dust dry after 1 
hour and handleabie after % hours . The Persoz 
hardness was 33 seconds after 1 day and 66 
seconds after 1 week. The coating was very well 
resistant to water and excellently resistant to pre- 
mium grade petrol. 



Example s 

A coating composition was prepared by suc- 
cessively mixing 49.67 g of (meth)acryloyl com- 
pound D, 9.60 g of a potyamino amide having an 
amine number of 80-110 (available under the trade 
mark Eurodur 424 of Schering), 12,58 g of blocked 
polyamtno compound D and 4^7 g of nitroethane. 
Subsequently. 23,2 g of water were added, with 
stirring. The resulting comp>osition had a solids 
content of 54,6%. an inversion point at 16.6% 
water content and a gel time of 15 minutes. The 
compo^on was applied Id a stael panel in a 
coating thickness of 82 urn and dried at an am- 
bient temperature of 20"C and a relative humidity 
of 70%. The coating applied was dust dry after la- 
bours and handleabie after 4 hours. The Persoz 
hardness was 13 seconds after 1 day and 27 
seconds after 1 week. The coating was well resis- 
tant to water and very well re^stant to premium 
grade petrol. 



Example 9 

A coating composition was prepared by suc- 
cessively mixing 42.98 g of (m6th)acryloyl com- . 
pound E, 16.91 g of blocked polyamino amide C. 
1,00 g of acetyl acetone and 1.00 g of methyl 
cyanoacetate. To tills mixture were added, with 
stimng, 34.4 g of water. The resulting composition 
had a solids content of 37,8%. an inversion point at 
a water content of 28.6% and a gel time of .40 
minutes. The composition was applied to a steel 
panel in a thickness of 68 am and dried at an 
ambient temperature of 20*^0 and a relatively hu- 
midity of 70%. The coating applied was dust dry 
after 2 hours and handleabie after 24 hours. The 
Persoz hardness was 11 seconds after 1 day and 
21 seconds after 1 week. The coating was well 
resistant to water and excellentiy resistant to pre- 
mium grade petrol. 
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Example 10 

A coating composition was prepared by suc- 
cessively mixing 42,60 g of <meth)acryloyl com- 

5 pound A, 11 .40 g of a polyamino amide having an 
amine number of 80-110 (available under the trade 
marie Eurodur 424 of Schering), 5,40 g of blocked 
polyamino compound E and 3,70 g of nitroethane. 
Subsequentiy, 36.9 g of water were added, with 

70 stirring. The resulting composition had a solids 
content of 31,6%. an inversion point at 31.3% 
water content and a gel time of 1 hour. The com- 
position was applied to a steel panel in a coating 
thickness of 35 mn and dried at an ambient tern- 

IS perature of 20*C and a relative humidity of 70%. 
The coating applied was dust dry after i hour and 
handleabie after 2 hours. The Persoz hardness was 
96 seconds after 1 day and 155 seconds after 1 
week. The coating was very well resistant to water 

20 and to premium grade petrol. 



Example 11 

25 A coating composition was prepared by suc- 
cessively mixing 48,50 g of (meth)acryloyl con>- 
pound 6. 25.90 g of btocked polyamino amide A 
and 2.90 g of nitroethane. To this mixture were 
added, witti stirring, 22,7 g of water. The resulting 

30 composition had a solids content of 41.5%. an 
inversion point at a water content of 19.4% and a 
gel time of 1 hour. The composition was applied to 
a steel panel in a coating thickness of 48 ixm and 
dried at an ambient temperature of 20''C and a 

35 relative humidity of 70%. The coating applied was 
dust dry after 1 hour and handleabie after 2i hours. 
The Persoz hardness was 42 seconds after 1 day 
and 62 seconds after 1 week. The coating was well 
resistant to water and to premium grade petrol. 

40 

Example 12 

A coating composition was prepared by suc- 
45 cessively mixing 40.40 g of (meth)acryloyI com- 
pound E. ^.70 g of blocked polyamino amide B 
and 3.00 g of meUiyl cyanoacetate. To this mixture 
were added, witti stirring. 26.9 g of water. The 
resulting composition had a solids content of 
50 43,1%. an inversion point at a water content of 
24.3% and a gel time of 4 hours. The compx>sition 
was applied- to a steel panel in a coating thickness 
of 54 um and dried at an ambient temperature of 
20°C and a relative humidity of 70%. The coating 
55 appDed was dust dry after 1^ hours and handleabie 
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after 3 hours. The Persoz hardness was 11 sec- 
onds after 1 da/ and 14 seconds after 1 week. The 
coating was well resistant Id water and to premium 
grade petrol. 



Example 13 

A coating composition was prepared by suc- 
cessively mixing 49,0 g of (meth)acry)oyl com- 
pound B, 13,1 g of a polyamino amide having an 
amine number of 80-110 (available under the trade 
mark Euredur 424 of Schering) 2,6 g of blocked 
amino compound 0 and 2.6 g of methyl formiate. 
Subsequently. 32.7 g of water were added, with 
stirring. The resulting compo^tion had a solids 
content of 40.0%. an inversion point at 24.5% 
water content and a gel time of 3 hours. The 
composition was applied to a steel panel in a 
coating thickness of 67 um and dried at an am- 
bient temperature of 20''C and a relative humidity 
of 70%. The coating applied was dust-dry after 1 
hour and handleable after 2 hours. The Persoz 
hardness was 43 seconds after 1 day and 107 
seconds after 1 week. The coating was very well 
resistant to water and to premium grade petrol. 



Example 14 

A coating composition was prepared by suc- 
cessively mixing 45.5 g of <meth)acryloyl com- 
pound B. 13.9 g of a blocked polyamino amide C 
and 2.7 g of ethyl formiate. Subisequently. 37,9 g of 
water were added, with stinlng. The resulting com- 
position had a solids content of 37.4%, an Inversion 
point at 35,0% water content and a gel time of 150 
minutes. The composition was applied to a steel 
panel in a coating thickness of 63 um and dried at 
an ambient temperature of 20*C and a relative 
humidity of 70%. The coating applied was dust<lry 
after 1 hour and handleable after 2 hours. The 
Persoz hardness was 48 seconds after 1 day and 
100 seconds after 1 week. The coating was ex- 
cellently resistant to water and well resistant to 
premium grade petrol. 



Example I S 

A coating composition was prepared by suc- 
cessively mixing 39.5 g of (meth)acryloyl com- 
pound B, 23.7 g of blocked polyamino amide A. 6.6 
g of butyl glycol and 2.5 g of isopropyl fonmlate. 
Subsequently. 26.3 g of water were added, with 
stining. The resulting composition had a solids 
content of 39.8%. and Inverston point at 25.0% 
water content and a gel time of 45 minutes. The 



composition was applied to a steel panel in a 
coating thickness of 51 um and dried at an am- 
bient temperature of 20*^0 and a relative humidity 
of 70%. The coating applied was dust-dry after i 
5 hour and handleable after 1 hour. The Persoz hard- 
ness was 58 seconds after 1 day and 125 seconds 
after 2 week. The coating was excellently resistant 
to water and to premium grade petrol. 

70 

Example 16 

A coating composition was prepared by suc- 
cessively mixing 45,7 g of (meth)acryloyl com- 

75 pound D. 9.1 g of a polyamino amide having an 
amine number of 80-110 (available under the trade 
mark Euredur 424 of Schering), 9.1 g of 3^3- 
dimethyl-4.4'-diaminodicyclohexyl methane and 5,5 
g of isopropyl formiate. Subsequently. 30,6 g of 

20 water were added, with stirring. The resulting com- 
position had a solids content of 47,9%, an invertdon 
point at 23,0% water content and a gel time of 30 
minutes. The composition was applied to a steel 
panel in a coating thickness of 58 um and dried at 

25 an ambient temperature of 20*C and a relative 
humidity of 70%. The coating applied was dust-dry 
after i hour and handleable after 1^ hours. The 
Persoz hardness was 25 seconds after 1 day and 
52 seconds after 1 week, the coating was well 

30 resistent to water and excellently resistant to pre- 
mium grade petrol. 



Example 17 

35 

A coating composition was prepared by suc- 
cessively mixing 42,3 g of (meth)acryloyl com- 
pound E. 14.1 g of blocked polyamino amide B, 3.9 
g of blocked amino compound E and 4,5 g of n- 

40 butyl formiate. Subsequently. 35,2 g of water were 
added, with stirring. The resulting composition had 
a solids content of 34.0%. and inversion point at 
27.0% water content and a gel time of 60 minutes. 
The composition was applied to a steel panel in a 

45 coating thickness of 47 um and dried at an ambient 
temperature of 20^0 and a relative humidity of 
70%. The coating applied was dust-dry after ^ hour 
and handleable after 1 hour. The Persoz hardness 
was 23 seconds after 1 day and 28 seconds after 1 

so week. The coating was well resistant to water and 
excellently resistant to premium grade petrol. 



Claims 

1. An aqueous coating composition based on 
an organic compound and a curing agent for it. 
characterized in that tfie organic compound is a 
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compound having at least 2a»/9-6thylenicaliy un- 
saturated carboxylate groups and the curing agent 
Is a poiyamino amide having an amine number of 
60-1000 buitt up from a mono-and/or dlcartxyxylfc 
acid having 2-40 carbon atoms and a polyamine 
having 2-6 primary amino groups and 2-20 carbon 
atoms, and the coating composition further conr>- 
prises a nitroaikane having 1-6 carbon atoms, an 
organic compound oocuring in at least 2 tautomeric 
forms, and in one of the tautomeric forms a labile 
hydrogen atom is linked to a carbon atom and 
which compound contains at least one carbonyloxy 
group or sulphonyl group, and/or a formic add 
ester having a solubiGty of at least 0^ g in100 g of 
water having a temperature of 20"C. with the ex- 
ception of tertbutyl formiate. 

2. A coating composition according to claim 1. 
characterized in that the compound containinga,^- 
ethylenically unsaturated cart)oxyiate groups is an 
adduct of an acrylic ester of a hydroxyl compound 
containing 2-6 hydroxyl groups and 2-10 carbon 
atoms to an at least bifunctional isocyanate or 
epoxy compound. 

3. A coating composition according to claim 1. 
characterized in that the compound havinga./3- 
ethylenically unsaturated carboxylate groups is an 
adduct of trimethylol propane diacrylate or perv 
taerythritol triacrylate to an at least bifunctional 
isocyanate or epoxy compound. 

4. A coating composition according to claim 1, 
characterized in that the compound havinga,^- 
ethylenically unsaturated cartxixylate groups Is an 
adduct of an acrylic ester to an afiphatiG or 
cydoatiphatic df-br triisocyanate having 8-36 car- 
bon atoms. 

5. A coating composition according to claim 1. 
characterized in that the compound havinga,^ 
ethylenically unsaturated carboxylate groups is an 
adduct of an acryRc ester to a polymer of 
ethylenically unsaturated compounds having epoxy 
groups. 

6. A coating composition according to claim 1, 
characterized in that the compound havinga,^- 
ethylenically unsaturated carboxylate groups has a 
molecular weight in the range of atxnit 290 to 
15000. 

7. A coating composition according to claim 6. 
characterized in that the compound has a molecu- 
lar weight in the range of 800 to 10000. 

a. A coating composition according to claim 1. 
characterized in that the polyamino amide is built 
up from a saturated aliphatic monocarboxylic acid 
having 1-24 carbon atoms. 

9. A coating composition according to claim 1, 
characterized in that the polyamino amide is built 
up from a dicarboxylic add having 8-36 cartoon 
atoms. 



10. A coating composition according to claim 1. 
characterized in that the polyamino amide is built 
up from a polyamine having 2-3 primary and 0-4 
secondary amino groups. 
5 1 1 . A coating composition acconjing to claim 1 . 
characterized in that the polyamino amide is built 
up from a polyamine of the formula 

H2N-(R2-NH)„-RrNH2 

70 

wherein the group Ri and the n groups R2 may be 
the same or different and represent an alkylene 
group having 2-6 carbon atoms and n is a number 
from 1-6. 

75 12. A coating composition according to claim 1 . 
chaFEtcterized in that the polyamino amide is built 
up from an aliphatic, cycloaliphatic or aromatic 
amino compound having 2 or 3 exclusively primary 
amino groups. 

20 13. A coating composition according to claim 1, 
characterized In that the polyamino amide has an 
amine number of 80-750. 

14. A coating composition according to daim 1, 
characterized in that the polyamino amide has an 

25 amine number of 2(K)-600. 

15. A coating composition according to claim 1. 
characterized in that the polyamino amide is 
present as mixture of the polyamino amide and an 
amino compound in an amount of at least 3 equiv- 

30 alent %- 

16. A coating composition according to claim 
15. characterized in that the polyamino amide is 
present in the unblocked form and the amino com- 
pound in the blocked form. 

35 17. A coating composition according to claim 1. 
characterized in that the compound having at least 
2a.iS-etiiylenically unsaturated carboxylate groups, 
the polyamino amide and the amino compound, if 
any. are present in an amount such that the ratio of 

40 the number of equivalents of ethylenically unsatu- 
rated double bonds of the compound having car- 
boxylate groups to the number of equivalents of 
amine hydrogen is in the range of 0,3 to 3,0 

1& A coating composition according to claim 

45 17, characterized in that the ratio is in the range of 
ito2. 

19. A coating composition according to daim 1. 
characterized in that the nitroaikane has 1-4 carbon 
atoms. 

50 20. A coating composition according to claim 

19. characterized in that the nitroaikane is 

nitroethane or nitropropane. 

21 . A coating composition according to claim 1 , 

characterized in that the organic compound which 
6S occurs in at least 2 tautomeric forms is 2,4-pen- 

tanedione. metiiyt acetoacetate or ettiyl ac- 

etoacetate or methyl cyanoacetate. 
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22. A coating composition according to claim 1 . 
characterized in that the ester is an ester of formic 
add and a monovalent alcohol having 1-6 cartx)n 
atoms. 

23. A coating composition according to claim 1, 
characterized in that the ester is an ester of formic 
add and a monovalent alcohol ha\fing 1-5 cartx)n 
atoms. 

24. A coating composition according to claim 1, 
characterized in that the ester is a formic ester of 
the general formula 

H C -OCHRiR2 
0 

wherein Ri and R2 are the same or different and 
represent a hydrogen atom or an alkyi group, the 
groups Bi and Rz together containing not more that 
5 carbon atoms. 

25. A coating composition according to claim 1. 
characterized in that the ester is methyl formiate. 
ethyl formiate or isopropyl formiate. 

26. A coating composition according to daim 1. 
characterized In that the ester ts an ester of fonmic 
acid and a bi-or polyvalent hydroxy compound 
having 2-8 carbon atoms. 

27. A coating composition according to claim 1 , 
characterized in that the ester has a soluinlfty of 
0^-60 g in 100 g of water liaving a temperature of 
20*C. 

28. A coating composition according to daim 1, 
characterized in that the ester has a solubility of 
0,5-35 g in 100 g of water having a temperature of 
20»C. 

29. A coating composition according to claim 1. 
characterized in that the ester is present in an 
amount such that 0^2 equivalents are present per 
equivalent of nitrogen of the amino group-contain* 
ing curing agent. 

30. A coating composition according to claim 1, 
characterized in that water is present in an amount 
of at least 15% by weight. 

31. A coating composition according to claim 1. 
characterized in that water is present in an amount 
of at least 25% by weight 

32. A coating composition according to daim 1 . 
characterized in that water is present in an amount 
of not more than 80% by weight. 

33. A process of coating a substrate with an 
aqueous composition, characterized in that use is 
made of the composition according to any one of 
the preceding claims 1-32. 

Claims for the following contracting state : ES 

1. A process of coating a substi'ata by applying 
an aqueous coating composition tased on an or* 
ganic compound and a curing agent for it onto the 
substrate and curing the coating layer at ambient 



or elevated temperature, characterized in that tiie 
organic compound is a compound having at least 
2a./3-ethylenically unsaturated cart}Oxylate groups 
and ttie curing agent is a polyamino amide having 

5 an amine number of 60-1000 built up from a mono- 
and/or dicarboxylic add having 2-40 carbon atoms 
and a polyamine having 2-6 primary amino groups 
and 2-20 carbon atoms, and the coating composi- 
tion further comprises a niti'oalkane having 1-6 car- 

70 bon atoms, an organic compound occuring in at 
least 2 tautomeric forms, and in one of the 
tautomeric forms a labile hydrogen atom is linked 
to a carbon atom and which compound contains at 
least one carbonyloxy group or sulphonyl group. 

75 and/or a formic acid ester having a solubility of at 
least 0,2 g In 100 g of water having a temperature 
of 20^*0, with the exception of tertbutyl formiate. 

2. A process according to claim 1. character* 
ized in that the compound containinga.^- 

20 ethylenicaliy unsaturated cartxxylate groups is an 
adduct of an acrylic ester of a hydroxyl compound 
containing 2-6 hydroxyl groups and 2-10 carbon 
atoms to an at least btfunctional isocyanate or 
epoxy compound. 

25 3. A process according to claim 1, character- 
ized in that the compound havinga.^-ethylenically 
unsaturated carfooxylate groups Is an adduct of 
trimethylol propane diacrytate or pentaerythritol 
triacrylate to an at least bifunctional isocyanate or 

30 epoxy compound. 

4. A process according to claim 1, diaracter- 
ized in that the compound havtnga.^-ethylenically 
unsaturated cari>oxylate groups is an adduct of an 
acrylic ester to an aliphatic or cydoaliphatic di-or 

35 tiiisocyanate having 8-36 cartwn atoms. 

5. A process according to daim 1, character- 
ized in that the compound havinga.^-etiiylenically 
unsaturated carboxylate groups is an adduct of an 
acrylic ester to a polymer of etiiylenicalty unsatu- 

40 rated compounds having epoxy groups. 

6. A process according to daim 1 . character- 
ized in that tiie compound havinga,)3-ethylenically 
unsaturated carboxylate groups has a molecular 
weight in the range of about 290 to 15000. 

45 7. A process according to claim 6. character- 
ized in that the compound has a molecular weight 
in the range of 800 to 10000. 

8. A process according to daim 1. character- 
ized in that the polyamino amide is built up from a 

50 saturated aliphatic monocart>oxyllc add having 1- 
24 cartx>n atoms. 

9. A process according to claim 1, character- 
ized in that the polyamino amide is built up from a 
dicart>oxylic add having 8-36 carbon atoms. 

55 10. A process according to daim 1, character- 
ized in that the polyamino amide is built up from a 
polyamine having 2*3 primary and 0-4 secondary 
amino groups. 
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11. A process according to claim 1, character- 
ized in that the polyamino amide is t>uilt up from a 
polyamtne of the fbmiula 

H2N-(RrNH)«.RrNH2 

wherein the group Ri and the n groups R2 may be 

the same or different and represent an aficylene 
group having 2-6 carbon atoms and n is a number 
from 1-6. 

12. A process according to claim 1, character- 
ized in that the polyamino amide is built up from an 
aliphatic, cycloaliphatic or aromatic amino com- 
pound having 2 or 3 exclusively primary amino 
groups. 

13. A process according to claim 1. character- 
ized in that the polyamino amide has an amine 
numtier of 80-750. 

14. A process according to claim 1. character- 
ized in that the polyamino amide has an amine 
number of 200-600. 

15. A process according to claim 1, character- 
ized in that the polyamino amide is present as 
mixture of the polyamino amide and an amino 
compound in an amount of at least 3 equivalent %. 

16. A process according to claim 15, character- 
ized in that the polyamino amide is present in the 
unblocked form and the amino compound in the 
blocked form. 

17. A process according to claim 1. character- 
ized in that the compound having at least 2a,i9- 
ethylenically unsaturated cari^oxyiate groups, the 
polyamino amide and the amino compound, if any, 
are present in an amount such that the ratio of the 
numt>er of equivalents of ethytenically unsaturated 
double bonds of the compound having cartxixylate 
groups to the number of equivalents of amine hy- 
drogen is in the range of 0,3 to 3.0 

18. A process according to claim 17, character- 
ized in that the ratio is in the range of ^ to 2. 

19. A process according to daim 1, character- 
ized in that the nitroalkane has 1-4 carbon atoms. 

20. A process accorcfing to daim ld« character- 
ized in that the nitroalkane is nitroethane or 
nitropropane. 

21. A process according to claim 1, character- 
ized in that the organic compound which occurs in 
at least 2 tautomeric fomns is 2.4-pentanedione, 
methyl acetoacetate or ethyl acetoacetate or metiv 
yl cyanoacetate. 

22. A process according to claim 1. character- 
ized in that the ester is an ester of formic acid and 
a monovalent alcohol having 1-6 carbon atoms. 

23. A process according to claim 1, character- 
ized in that the ester is an ester of formic add and 
a monovalent alcohol having 1-5 cart)on atoms. 



24. A process according to claim 1. character- 
ized in that the ester is a formic ester of the 
general formula 

5 HC -OCHR1R2 

wherein Ri and Rz are the same or different and 
represent a hydrogen atom or an alkyi group, the 
groups Ri and together containing not more that 
10 5 carbon atoms. 

25. A process according to claim 1, character- 
ized in that the ester is methyl formiate, ethyl 
formiate or isopropyl formiate. 

26. A process according to daim 1, character- 
is ized in that the ester is an ester of formic acid and 

a bi-or polyvalent hydroxy compound having 2-8 
carbon atoms. 

27. A process according to daim 1, character- 
ized in that the ester has a solubility of 0,2-50 g in 

20 100 g of water having a temperature of 20*>C. 

28. A process according to claim 1, character- 
ized in that the ester has a solubility of 0,5-35 g in 
100 g of water having a temperature of 20''C. 

29. A process according to daim 1, character- 
's ized in that the ester is present in an amount such 

that 0,3-2 equivalents are present per equivalent of 
nitrogen of the amino group-containing curing 
agent 

30. A process according to daim 1, character- 
30 ized in that water is present in an amount of at 

least 15% by weight 

31. A process according to claim 1, character- 
ized in that water is present in an amount of at 
least 25% by weight 

35 32. A process according to claim 1. character- 
ized in that water is present In an amount of not 
more than 80% by weight 
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